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PRELIMINARY AMENDMENT 

BOX PCX 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination on the merits, please amend this application as follows: 
In the Specification; 

Page 1 before the first paragraph, please delete the following: 
Description 



Page 1, between lines 4 and 5, please insert the following headings and paragraph: 
CLAIM FOR PRIORITY 
This apphcation claims priority to International Application No. PCT/DEOO/02436 
which was pubhshed in the German language on July 19, 2000. 

TECHNICAL FIELD OF THE INVENTION 



Please replace the paragraph beginning line 5 of page 1 with the following rewritten 
paragraph: 



The invention relates to a circuit arrangement for operation of a relay, and in 
particular, to a current having a timer unit which provides a relay switching-on current for 
a time which is predetermined by the timer imit and which provides a relay holding 
current, which is less than the relay switching-on current for a subsequent holding period. 

Page 1, between lines 1 1 and 12, please insert the following heading: 
BACKGROUND OF THE INVENTION 

Please replace the paragraph beginning line 12 of page 1 with the following rewritten 
paragraph: 

U.S. Patent No. 5,107,391 discloses a circuit arrangement in which the current 
flowing through at least one relay (i.e. its field coil) is controlled by means of an 
electronic switch in the form of a field-effect transistor. When it is switched on, the relay 
is supplied with a holding current throughout its holding period. The magnitude of the 
holding current is governed by the duty ratio of electrical pulses which drive the electronic 
switch. The temperature of the relay is measured by means of a temperature sensor, and 
the voltage which is applied to the field coil of the relay is measured by means of a 
voltage sensor. These measurement variables, as well as information which is stored in a 
function memory and relates to the nominal values of the relay, are used to define the duty 
ratio of the pulses, and thus to define the magnitude of the holding current. The relay 
nominal values must therefore be known in order to properly operate the circuit. A voltage 
change which occurs on the field coil of the relay is used to identify that the relay has been 
switched on, and causes a timer imit to be started. This timer imit uses a continuous pulse 
to switch on the electronic switch, so that a switching-on current flows which is sufficient 
to ensure that the relay is switched on. Once the time which is predetermined by the timer 
unit, and which must be longer than the time required for the relay that is being used to be 
switched on has elapsed, the continuous pulse ends, and the holding current, which is 
governed by the duty ratio of the pulses, still flows through the relay. 

Page 2, between lines 27 and 28, please insert the following heading: 
SUMMARY OF THE HSfVENTIQN 



Please replace the consecutive paragraphs beginning at line 28 of page 2 with the 
following rewritten paragraphs: 



One embodiment of the invention discloses a circuit arrangement for operation of a 
relay. Discrepancies in the relay from its nominal values have no effect on the magnitude 
of the switching-on current and holding current, and need not be taken into account with 
regard to the size of the components in the circuit. Furthermore, it is possible to use the 
circuit, with one and the same relay, from operating voltages of different magnitude. 

In this embodiment, the relay switching-on current and the relay holding current 
are constant currents, which are supplied from at least one constant current source. A 
constant current is thus used both as the relay switching-on current and as the relay 
holding current, whose magnitude is not influenced either by discrepancies in the relay 
from its nominal values or by operation of the circuit arrangement from operating voltages 
of different magnitude. 

Please replace the consecutive paragraphs beginning at line 24 of page 3 with the 
following rewritten paragraphs: 

Li another embodiment of the invention, the circuit arrangement includes, for 
example, a first constant current source which provides the relay holding current during 
the time which is predetermined by the timer unit and during the subsequent holding 
period, and a second constant current source which provides a constant current, which is 
superimposed on the relay holding current in order to form the relay switching-on current, 
during the time which is predetermined by the timer unit. This has the advantage that 
relatively sunple constant current sources can be used, whose constant currents need not 
be variable. 

In one aspect of the invention, a switch, which is closed during the time that is 
predetermined by the timer unit, can advantageously be located in the current path of the 
constant current provided by the second constant current source. Once this time has 
elapsed, the switch is opened, thus making it easy to switch between the relay switching- 
on current and the relay holding current. 

In another aspect of the invention, the timer unit and/or the switch may require an 
auxiliary voltage. A voltage drop across at least one electrical component that is connected 
in series with one of the constant current sources can advantageously be used for this 
auxiliary voltage. 

In one embodiment, a resistor may be used as the electrical component. Since the 
current flowing through the resistor is constant, the voltage which is dropped across this 
resistor is also constant, and may be used as an auxiliary voltage. 



In another embodiment, a zenar diode can advantageously be used as the electrical 
component. A zener diode has the advantage that the voltage drop which occurs across it 
is constant even when the current flowing through the zener diode changes. By way of 
example, a situation may arise during operation of a relay which requires a change to the 
switching-on current and/or holding current, and hence appropriate changes to the 
constant currents. The advantage just mentioned is also applicable when series-connected 
diodes are used as electrical components. 

Page 4, between lines 35 and 36, please insert the following heading: 
BRIEF DESCRIPTION OF THE DRAWINGS 

Please replace the paragraph beginning line 36 of page 4 with the following rewritten 
paragraph: 

Figure 1 shows an exemplary embodiment of a circuit arrangement according to 
the invention for operation of a relay. 

Figure 2 shows a diagram of the state of elements in the circuit arrangement, 
plotted against time. 

Page 5, between lines 6 and 7, please insert the following heading: 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Please replace the consecutive paragraphs beginning line 7 of page 5 with the following 
rewritten paragraphs: 

The circuit arrangement 1 illustrated in Figure 1 for operation of a relay is 
connected in series with a field coil SP of a relay. A voltage U is applied to the series 
circuit. The voltage U is a switching voltage, that is to say application of the voltage U is 
intended to cause the relay to switch. At the same time, the voltage U is used as the 
operating voltage for the circuit arrangement and the relay. As long as no switching 
voltage U is applied, the circuit arrangement is in a quiescent state with no current 
flowing, and a switch SCH is closed. 

When the switching voltage U is applied, the circuit arrangement starts to operate. 
A constant current source KSl drives a constant current IK.1 through a zener diode ZD and 
through the field coil SP of the relay. Since the switch SCH is closed, a constant current 
source KS2 also drives a constant current IK2 through the switch. This current is added to 
the constant current IKl at a node 2; a current whose magnitude is (IKl + IK2) flows, as a 



coil current ISP, through the field coil SP of the relay. The constant current source KSl is 
designed such that it supplies a constant holding current. The constant current source KS2 
supplies the difference to make up the necessary switching-on current for the relay; in this 
case, the difference is of precisely the same magnitude as the relay holding current. The 
switching-on current now flows through the field coil SP of the relay and the relay pulls 
in, that is to say it switches. The constant current IKl which is flowing through the zener 
diode ZD results in an auxiliary voltage being dropped across the zener diode ZD, and this 
is supplied via the conductors 3 and 4 to a timer unit ZE as a supply voltage UH. When 
the switching voltage U is applied, the timer unit ZE starts to operate and, after an 
adjustable time which is greater than the switching-on time of the relay that is being used, 
opens the switch SCH via a link 5. Since the switch SCH Since the switch SCH is open, 
the constant current IK2 firom the constant current source KS2 can no longer flow. Rather, 
the constant current IKl from the constant current source KSl flows through the field coil 
SP of the relay, as a holding current. This means that, once the switching-on process has 
been completed, the holding current is applied to the field coil SP and, in this case, this 
holding current is half the relay switching-on current. 

Thus, during the switching-on process, the constant current IKl from the constant 
current source KSl and the constant current IK2 from the constant current source KS2 
flow through the relay with the field coil SP. After completion of the switching-on 
process, the constant ciurent IKl from the constant current source KSl flows through the 
relay. The magnitude of the currents IKl and IK2 is governed by the constant current 
sources KSl and KS2. Any discrepancies, for example between the coil parameters and 
their nominal values, do not influence the magnitude of the currents. 

Since the currents IKl and IK2 which are present are constant, the voltage drops 
across the field coil SP of the relay and across the zener diode ZD are also constant. If the 
circuit arrangement is operated with switching voltages U of different magnitude, then the 
difference between the switching voltage U and the voltage drops just mentioned is 
dropped across the constant current sources KSl and KS2. The circuit arrangement can 
thus be operated firom a switching voltage U which varies within wide limits but without 
any change to the magnitude of the relay switching-on current or the relay holding current. 

Please replace the paragraph beginning line 36 of page 7 with the following rewritten 
paragraph: 

The switching voltage is likewise applied to the circuit arrangement in the time 
interval between the times t2 and t3. The timer unit switches off the switch SCH at the 



time t2, and the current IKl, which forms the holding current HS, flows through the relay, 
as the coil current ISP. 

Please replace the paragraph beginning line 8 of page 8 with the following rewritten 
paragraph: 

The circuit can drive a relay reliably over a wide temperature range, since the 
constant current sources KSl and KS2 provide the constant currents IKl and IK2 
irrespective of the temperature level. Temperature-dependent changes in the resistance of 
the field coil SP likewise do not influence the current levels. Since the constant holding 
current during the holding period of the relay is less than the constant switching-on current 
(for example half of it), the circuit arrangement requires a fraction (for example 
approximately half) of the energy which would be required for operation just with a 
current of the same magnitude as the switching-on current. The power losses are reduced, 
the thermal loads on the relay are reduced, and the life of the relay coil is increased. 

In the Claims: 

What is claimed is: 

1 . (Amended) A circuit arrangement for operation of a relay, comprising 

a single voltage at which a relay switching-on current is provided for a time which is 
predetermined by the timer unit, and at which a relay holding current, which is less than the 
relay switching-on current, is provided for a subsequent holding period, wherein 
the single voltage is a switching voltage, and 

the relay switching-on current and the relay holding current are constant currents, 
which are supplied from at least one constant current source which is fed by the switching 
voltage. 

2. (Amended) The circuit arrangement as claimed in claim 1, wherein 

a constant current source, whose constant current magnitude is variable, supplies both the 
relay switching-on current and the relay holding current. 

3. (Amended) The circuit arrangement as claimed in claim 1 , wherein 

a first constant current soiirce provides the relay holding current during the time 
which is predetermined by the timer imit and during the subsequent holding period, and 



a second constant current source provides a constant current, which is 
superimposed on the relay holding current in order to form the relay switching-on current, 
during the time which is predetermined by the timer unit. 

4. (Amended) The circuit arrangement as claimed in claim 3, wherein 

a switch, which is located in a current path of the constant current provided by the second 
constant current source, and is closed during the time which is predetermined by the timer 
unit. 

5. (Amended) The circuit arrangement as claimed in claim 1 , wherein 

an auxiliary voltage, for operation of the timer unit, is dropped across at least one 
electrical component which is connected in series with one of the constant current sources. 

6. (Amended) The circuit arrangement as claimed in claim 4, wherein 

an auxiliary voltage for operation of the switch is dropped across at least one electrical 
component which is connected in series with one of the constant current sources. 

7. (Amended) The circuit arrangement as claimed in claim 5, wherein 
the electrical component is a resistor. 

8. (Amended) The circuit arrangement as claimed in claim 5, wherein 
the electrical component is a zener diode. 

9. (Amended) The circuit arrangement as claimed in claim 5, wherein 
the electrical components are series-connected diodes. 

10. (Amended) The circuit arrangement as claimed in claim 1 , wherein 
the two constant current sources provide constant currents of equal magnitude. 

Please add the following new claims: 

1 1 . (New) The circuit arrangement as claimed in claim 6, wherein the electrical 
component is a resistor. 

12. (New) The circuit arrangement as claimed in claim 6, wherein the electrical 
component is a zener diode. 



13. (New) The circuit arrangement as claimed in claim 6, wherein the electrical 
components are series-connected diodes. 

In the Abstract: 

Please replace the Abstract with the substitute Abstract attached hereto. 



REMARKS 

The above amendments to the specification, claims, and abstract have been made 
to place the application in proper U.S. format and to conform with proper grammatical and 
idiomatic English. None of the amendments herein are made for reasons related to 
patentability. No new matter has been added. 

Attached hereto is a marked-up version of the changes made to the specification 
and claims by the current amendment. The attached page is captioned " Version with 
markings to show changes made ". 

Li the unlikely event that the transmittal letter is separated fi-om this document and 
the Patent OfSce determines that an extension and/or other rehef is required, appUcant 
petitions for any required relief including extensions of time and authorizes the 
Commissioner to charge the cost of such petitions and/or other fees due in connection with 
the filing of this document to Deposit Account No. 03-1952 referencing docket no. 
449122023500. However, the Commissioner is not authorized to charge the cost of the 
issue fee to the Deposit Account. 



Respectflilly submitted. 



Dated: February 13, 2002 




Morrison & FoersterLLP 
2000 Pennsylvania Avenue, N.W. 
Washington, D.C. 20006-1888 
Telephone: (202) 887-6924 
Facsimile: (202) 263-8396 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 



For the convenience of the Examiner, the changes made are shown below with 
deleted text in strikethrough and added text in underline. 
In the Specification: 

Page 1 before the first paragraph, please delete the following: 
D e scription 

Page 1, between lines 4 and 5, please insert the following headings and paragraph: 
CLAIM FOR PRIORITY 
This application claims priority to International Application No. PCT/DEOO/02436 
which was pubhshed in the German language on July 19. 2000. 

TECHNICAL FIELD OF THE INVENTION 

Please replace the paragraph beginning hne 5 of page 1 with the following rewritten 
paragraph: 

The invention relates to a circuit arrangement for operation of a relay, and in 
particular, to a current having a timer unit which provides a relay switching-on current for 
a time which is predetermined by the timer unit? and which provides a relay holding 
current, which is less th^i the relay switching-on current for a subsequent holding period. 

Page 1, between lines 1 1 and 12, please insert the following heading: 
BACKGROUND OF THE INVENTION 

Please replace the paragraph beginning line 12 of page 1 with the following rewritten 

paragraph: 

A circuit arrangement such as this is apccificd in US Patent Specification U.S. 
Patent No. 5,107,391 discloses a circuit arrangement in which the current . Here, the 
current which flows flowing through at least one relay (that ia to say through i.e. its field 
coil) is controlled by means of an electronic switch in the form of a field-effect transistor. 
When it is switched on, the relay is supplied with a holding current throughout its holding 
period. The magnitude of the holding current is governed by the duty ratio of electrical 



pulses which drive the electronic switch. The temperature of the relay is measured by 
means of a temperature sensor, and the voltage which is applied to the field coil of the 
relay is measured by means of a voltage sensor. These measurement variables^^as well as 
information which is stored in a function memory and relates to the nominal values of the 
relay^are used to define the duty ratio of the pulses, and thus to define the magnitude of 
the holding current. The relay nominal values must therefore be known for operation of in 
order to properly operate the circuit. A voltage change which occurs on the field coil of 
the relay is used to identify that the relay has been switched on, and causes a timer unit to 
be started. This timer unit uses a continuous pulse to switch on the electronic switch, so 
that a switching-on current flows which is sufficient to ensure that the relay is switched 
on. Once the time which is predetermined by the timer unit, and which must be longer 
than the time required for the relay that is being used to be switched on has elapsed, the 
continuous pulse ends, and ealy the holding current, which is governed by the duty ratio 
of the pulses, still flows through the relay. 

Page 2, between lines 27 and 28, please insert the following heading: 
SUMMARY OF THE INVENTION 

Please replace the consecutive paragraphs beginning at line 28 of page 2 with the 
following rewritten paragraphs: 

?3ie One embodiment of the invention is based on the object of specifying 
discloses a circuit arrangement for operation of a rela y, in which diGcrepancics ._ 
Discrepancies in the relay from its nominal values have no effect on the magnitude of the 
switching-on current and holding current, and need not be taken into account with regard 
to the sizes size of the components in the circuit. Furthermore, it should b e is possible to 
use the circuit, with one and the same relay, from operating voltages of different 
magnitude. 

In tho caao of a circuit arrangomont of the t>po mentioned initially, this object is 
achi e ved according to th e invention in that In this embodiment, the relay switching-on 
current and the relay holding current are constant currents, which are supplied from at 
least one constant current source. A constant current is thus used both as the relay 
switching-on current and as the relay holding current, whose magnitude is not influenced 
either by discrepancies in the relay from its nominal values or by operation of the circuit 
arrangement fi-om operating voltages of different magnitude. 



Please replace the consecutive paragraphs beginning at line 24 of page 3 with the 
following rewritten paragraphs: 

The hi another embodiment of the invention, the circuit arrangement includes, for 
example, can also be design e d such that a first constant current source which provides the 
relay holding current during the time which is predetermined by the timer unit and during 
the subsequent holding period, and in that a second constant current source which 
provides a constant current, which is superimposed on the relay holding current in order to 
form the relay switching-on current, during the time which is predetermined by the timer 
unit. This has the advantage that relatively simple constant current sources can be used, 
whose constant currents need not be variable. 

A In one aspect of the invention, a switch, which is closed during the time that is 
predetermined by the timer unit, can advantageously be located in the current path of the 
constant current provided by the second constant current source. Once this time has 
elapsed, the switch is opened, thus making it easy to switch between the relay- switching- 
on current and the relay holding current. 

The In another aspect of the invention, the t imer unit and/or the switch may require 
an auxiliary voltage. A voltage drop across at least one electrical component that is 
connected in series with one of the constant current sources can advantageously be used 
for this auxiliary voltage. 

By way of exampl e In one embodiment, a resistor may be used as the electrical 
component. Since the current flowing through the resistor is constant, the voltage which is 
dropped across this resistor is also constant, and may be used as an auxiliary voltage. 

A In another embodiment, a zener diode can likewise advantageously be used as 
the electrical component. A zener diode has the advantage that the voltage drop which 
occurs across it is constant even when the current flowing through the zener diode 
changes. By way of example, a situation may arise during operation of a relay which 
requires a change to the switching-on current and/or holding current, and hence 
appropriate changes to the constant currents. The advMitage just mentioned is also 
applicable when series-connected diodes are used as electrical components. 



Page 4, between lines 35 and 36, please insert the following heading: 
BRIEF DESCRIPTION OF THE DRAWINGS 



Please replace the paragraph beginning Une 36 of page 4 with the following rewritten 
paragraph: 

For furth e r e xplanation: 

Figure 1 shows an exemplary embodiment of a circuit arrangement according to 
the invention for operation of a relayraad^ 

Figure 2 shows a diagram of the state of elements in the circuit arrangement, 
plotted against time. 

Page 5, between lines 6 and 7, please insert the following heading: 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Please replace the consecutive paragraphs beginning line 7 of page 5 with the following 
rewritten paragraphs: 

The circuit arrangement 1 illustrated in Figure 1 for operation of a relay is 
connected in series with a field coil SP of a relavr- a. A voltage U is applied to the series 
circuit. The voltage U is a switching voltage, that is to say application of the voltage U is 
intended to cause the relay to switch. At the same time, the voltage U is used as the 
operating voltage for the circuit arrangement and the relay. As long as no switching 
voltage U is applied, the circuit arrangement is in a quiescent state with no current 
flowmg, and a switch SCH is closed. 

When the switching voltage U is applied, the circuit arrangement starts to operate. 
A constant ciirrent source KSl drives a constant current IICl through a zener diode ZD and 
through the field coil SP of the relay. Since the switch SCH is closed, a constant current 
source KS2 also drives a constant current IK2 through the switch. This current is added to 
the constant current IKl at a node 2; a current whose magnitude is (IKl + IK2) flows, as a 
coil current ISP, through the field coil SP of the relay. The constant current source KSl is 
designed such that it supplies a constant holding current. The constant current source KS2 
supplies the difference to make up the necessary switching-on current for the relay; in this 
case, the difference is of precisely the same magnitude as the relay holding current. The 
switching-on current now flows through the field coil SP of the relay and the relay pulls 
in, that is to say it switches. The constant current IKl which is flowing through the zener 
diode ZD results in an auxiliary voltage being dropped across the zener diode ZD, and this 
is supplied via the conductors 3 and 4 to a timer unit ZE as a supply voltage UH. When 
the switching voltage U is applied, the timer unit ZE starts to operate and, after an 
adjustable time which must b e is greater than the switching-on time of the relay that is 



being used, opens the switch SCH via a link 5. Since the switch SCH Since the switch 
SCH is open, the constant current IK2 from the constant current source KS2 can no longer 
flowT-eal y. Rather, the constant current IKl from the constant current source KSl new 
stiH flows through the field coil SP of the relay, as a holding current. This means that, 
once the switching-on process has been completed, efily the holding current is stiH applied 
to the field coil SP and, in this case, this holding current is half the relay switching-on 
current. 

Thus, during the switching-on process, the constant current IKl from the constant 
current source KSl and the constant current IK2 from the constant current source KS2 
flow through the relay with the field coil SP. After completion of the switching-on 
process, only the constant current IKl from the constant current source KSl still flows 
through the relay. The magnitude of the currents IKl and IK2 is governed by the constant 
current sources KSl and KS2T-£B3t y. Any discrepancies, for example between the coil 
parameters and their nominal values, have no do not influence on the magnitude of the 
currents. 

Since the currents IKl and IK2 which are present are constant, the voltage drops 
across the field coil SP of the relay and across the zener diode ZD are also constant. If the 
circuit arrangement is operated with switching voltages U of different magnitude, then the 
difference between the switching voltage U and the voltage drops just mentioned is 
dropped across the constant current sources KSl and KS2. It is thus possible to operate 
tThe circmt arrangement can thus be operated from a switching voltage U which varies 
within wide Umits but without any change to the magnitude of the relay switching-on 
current or the relay holding current. 

Please replace the paragraph beginning line 36 of page 7 with the following rewritten 
paragraph: 

The switching voltage is likewise applied to the circuit arrangement in the time 
interval between the times t2 and t3. The timer unit switches off the switch SCH at the 
time t2, and only the current IKl, which forms the holding current HS, stiH flows through 
the relay, as the coil current ISP. 

Please replace the paragraph begiiming line 8 of page 8 with the following rewritten 
paragraph: 

The circuit can drive a relay reliably over a wide temperature range, since the 
constant current sources KSl and KS2 provide the constant currents IKl and IK2 



irrespective of the temperature level. Temperature-dependent changes in the resistance of 
the field coil SP hkewise have no do not influence en the current levels. Since the constant 
holding current during the holding period of the relay is less than the constant switching- 
on current (for example half of it), the circuit arrangement requires &siy a fraction (for 
example approximately half) of the energy which would be required for operation just 
with a current of the same magnitude as the switching-on current. The power losses are 
reduced, the thermal loads on the relay are reduced, and the life of the relay coil is 
increased. 

In the Claims: 

Patent Claims 
What is claimed is: 

1 . (Amended) A circuit arrangement (l>-for operation of a relay, comprising 
having a single voltage at which a relay switching-on ciirrent (ES) i s provided for a time 
(Atl) w hich is predetermined by the timer unit-(^, and at which a relay holding current 
(HS), which is less than the relay switching-on current-(ES), is provided for a subsequent 
holding period-<A^, wherein 

eku^cterized in that 

the single voltage is a switching voltage^and 

the relay switching-on current ^BS)-and the relay holding current ^HS)-are constant 
currents, which are supplied from at least one constant current source (KSl, KS2) w hich is 

fed by the switching voltage. 

2. (Amended) The circuit arrangement as claimed in claim 1, wherein 
characterized in that 

a constant current source, whose constant current magnitude is variable, supplies both the 
relay switching-on current (ES) and the relay holding current-^iS). 

3. (Amended) The circuit arrangement as claimed in claim 1 , wherein 
characteriz e d in that 

a first constant current source (KSi>-provides the relay holding current ^iS) 
during the time (Atl) w hich is predetermined by the timer unit (ZE) and during the 
subsequent holding period (At2) , and 

in that a second constant current source (KS2) p rovides a constant current-(BK5), 
which is superimposed on the relay holding current (HS) i n order to form the relay 



switching-on current-(BS), during the time (Atl) w hich is predetermined by the timer unit 



4. (Amended) The circuit arrangement as claimed in claim 3, wherein 
characteriz e d by a switch (SCH) , which is located in the a current path of the constant 
current (IK2) provided by the second constant current source-(KS3), and is closed during 
the time ^ which is predetermined by the timer uni t (ZE) . 

5. (Amended) The circuit arrangement as claimed in one of claims 1 to 4 , 
characterized in that claim 1, wherein 

an auxiliary voltage-fyH), for operation of the timer uni t (ZE) , is dropped across at 
J least one electrical component which is connected in series with one of the constant current 

r 

|l= 6. (Amended) The circuit arrangement as claimed in claim 4. wherein 

characterized in that 

Z an auxiliary voltage (UH) for operation of the switch (SCH) is dropped across at least one 
electrical component which is connected in series with one of the constant current sources 
(KS1,KS2) . 

7. (Amended) The circuit arrangement as claimed in claim 5-et€, wherein 
characteriz e d in that 

the electrical component is a resistor. 

8. (Amended) The circuit arrangement as claimed in claim 5-er-6, wherein 
charact e rized in that 

the electrical component is a zener diode-(a&). 

9. (Amended) The circuit arrangement as claimed in claim wherein 
characterized in that 

the electrical components are series-connected diodes. 



1 0. (Amended) The circuit arrangement as claimed in one of claims 3 to 9, 
charact e riz e d in that claim L wherein 



the two constant current sources (KSl, KS2) p rovide constant currents (IKl, IK2) of equal 
magnitude. 

Please add the following new claims: 

11. (New) The circuit arrangement as claimed in claim 6, wherein the electrical 
component is a resistor. 

12. (New) The circuit arrangement as claimed in claim 6, wherein the electrical 
component is a zener diode. 

13. (New) The circuit arrangement as claimed in claim 6, wherein the electrical 
components are series-connected diodes. 



In the Abstract: 

Please replace the Abstract with the substitute Abstract attached hereto. 



CIRCUIT ARRANGEMENT FOR OPERATION OF A RELAY 

Abstract 

The invention relates to a circuit arrangement for operation of a relay which provides a 
switching-on current for the field coil of the relay and subsequently, after a predetermined time, 
a holding current. In order that any possible discrepancies in the parameters of the relay from 
their nominal values have no negative influence and need not be taken into account when 
designing the circuit, and in order that the circuit arrangement can be used with operating 
voltages of different magnitude, at least one constant cxjrrent source supplies the relay switching- 
on current and the relay holding current. 
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Description 

Circuit arrangement for operation of a relay 



5 The invention relates to a circuit arrangement for 
operation of a relay, having a timer unit which 
provides a relay switching-on current for a time which 
is predetermined by the timer unit, and which provides 
a relay holding current, which is less than the relay 
10 switching-on current for a subsequent holding period. 

A circuit arrangement such as this is specified in US 
Patent Specification 5,107,391. Here, the current which 
flows through at least one relay (that is to say 

15 through its field coil) is controlled by means of an 
electronic switch in the form of a field-effect 
transistor. When it is switched on, the relay is 
supplied with a holding current throughout its holding 
period. The magnitude of the holding current is 

20 governed by the duty ratio of electrical pulses which 
drive the electronic switch. The temperature of the 
relay is measured by means of a temperature sensor, and 
the voltage which is applied to the field coil of the 
relay is measured by means of a voltage sensor. These 

25 measurement variables as well as information which is 
stored in a function memory and relates to the nominal 
values of the relay are used to define the duty ratio 
of the pulses, and thus to define the magnitude of the 
holding current. The relay nominal values must 

30 therefore be known for operation of the circuit. A 
voltage change which occurs on the field coil of the 
relay is used to identify that the relay has been 
switched on, and causes a timer unit to be started. 
This timer unit uses a continuous pulse to switch on 

35 the electronic switch, so that a switching-on current 
flows which is sufficient to ensure that the relay is 
switched on. Once the time which is predetermined by 
the timer unit, and which must be longer than the time 
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required for the relay that is being used to be 
switched on has elapsed, the continuous pulse ends, and 
only the holding current, which is governed by the duty 
ratio of the pulses, still flows through the relay. 

In order to ensure that a sufficient holding current 
flows to hold the relay in the switched- on state, the 
circuit takes account of the voltage across the field 
coil, the temperature and the nominal values for the 
relay. Individual discrepancies from the nominal values 
for the relay, in particular discrepancies in the coil 
resistance, are ignored, however. Discrepancies such as 
these can occur, for example, during the manufacture of 
the relay, due to aging processes during operation, or 
due to oxidation of conductors and contacts of the 
field coil. 

Furthermore, although the circuit is able to take 
account of fluctuations in the operating voltage by 
measuring the voltage across the field coil of the 
relay, the circuit is, however, intended for operation 
from a voltage source with a predetermined nominal 
voltage, for example from a motor vehicle battery with 
a voltage of 12 V. Circuits with components of 
different sizes are therefore required to operate 
relays from different operating voltages. 

The invention is based on the object of specifying a 
circuit arrangement for operation of a relay, in which 
discrepancies in the relay from its nominal values have 
no effect on the magnitude of the switching-on current 
and holding current, and need not be taken into account 
with regard to the sizes of the components in the 
circuit. Furthermore, it should be possible to use the 
circuit, with one and the same relay, from operating 
voltages of different magnitude. 
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In the case of a circuit arrangement of the type 
mentioned initially, this object is achieved according 
to the invention in that 

the relay switching- on current and the relay holding 
current are constant currents, which are supplied from 
at least one constant current source. A constant 
current is thus used both as the relay switching-on 
current and as the relay holding current, whose 
magnitude is not influenced either by discrepancies in 
the relay from its nominal values or by operation of 
the circuit arrangement from operating voltages of 
different magnitude. 

A constant current source whose constant current 
magnitude is variable can be used to supply the 
constant relay switching-on current and the constant, 
lower relay holding current . The constant current 
source supplies the relay switching-on current from the 
start of the switching-on process. Once the relay has 
been switched on and the time which is predetermined by 
the timer unit has elapsed, the constant current is 
reduced to the relay holding current . 

The circuit arrangement can also be designed such that 
a first constant current source provides the relay 
holding current during the time which is predetermined 
by the timer unit and during the subsequent holding 
period, and in that a second constant current source 
provides a constant current, which is superimposed on 
the relay holding current in order to form the relay 
switching-on current, during the time which is 
predetermined by the timer unit. This has the advantage 
that relatively simple constant current sources can be 
used, whose constant currents need not be variable. 

A switch, which is closed during the time that is 
predetermined by the timer unit, can advantageously be 
located in the current path of the constant current 
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provided by the second constant current source. Once 
this time has elapsed, the switch is opened, thus 
making it easy to switch between the relay switching-on 
current and the relay holding current. 

The timer unit and/or the switch may require an 
auxiliary voltage. A voltage drop across at least one 
electrical component that is connected in series with 
one of the constant current sources can advantageously 
be used for this auxiliary voltage. 

By way of example, a resistor may be used as the 
electrical component. Since the current flowing through 
the resistor is constant, the voltage which is dropped 
across this resistor is also constant, and may be used 
as an auxiliary voltage. 

A zener diode can likewise advantageously be used as 
the electrical component. A zener diode has the 
advantage that the voltage drop which occurs across it 
is constant even when the current flowing through the 
zener diode changes. By way of example, a situation may 
arise during operation of a relay which requires a 
change to the switching-on current and/or holding 
current, and hence appropriate changes to the constant 
currents. The advantage just mentioned is also 
applicable when series- connected diodes are used as 
electrical components. 

In the circuit arrangement according to the invention, 
both constant current sources may, for example, supply 
a constant current of the same magnitude. In this case, 
the relay switching-on current is twice the magnitude 
of the relay holding current. 



For further explanation: 
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Fiqure _l shows an exemplary embodiment of a circuit 
arrangement according to the invention for operation of 
a relay, and 

Figure 2^ shows a diagram of the state of elements in 

5 the circuit arrangement, plotted against time. 

The circuit arrangement 1 illustrated in Figure 1 for 
operation of a relay is connected in series with a 
field coil SP of a relay; a voltage U is applied to the 

10 series circuit. The voltage U is a switching voltage, 
that is to say application of the voltage U is intended 
to cause the relay to switch. At the same time, the 
voltage U is used as the operating voltage for the 
circuit arrangement and the relay. As long as no 

15 switching voltage U is applied, the circuit arrangement 
is in a quiescent state with no current flowing, and a 
switch SCH is closed. 

When the switching voltage U is applied, the circuit 

20 arrangement starts to operate. A constant current 
source KSl drives a constant current IKl through a 
zener diode ZD and through the field coil SP of the 
relay. Since the switch SCH is closed, a constant 
current source KS2 also drives a constant current IK2 

25 through the switch. This current is added to the 
constant current IKl at a node 2; a current whose 
magnitude is (IKl + IK2) flows, as a coil current ISP, 
through the field coil SP of the relay. The constant 
current source KSl is designed such that it supplies a 

3 0 constant holding current. The constant current source 
KS2 supplies the difference to make up the necessary 
switching-on current for the relay; in this case, the 
difference is of precisely the same magnitude as the 
relay holding current. The switching-on current now 

35 flows through the field coil SP of the relay and the 
relay pulls in, that is to say it switches. The 
constant current IKl which is flowing through the zener 
diode ZD results in an auxiliary voltage being dropped 
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across the zener diode ZD, and this is supplied via the 
conductors 3 and 4 to a timer unit ZE as a supply- 
voltage UH. When the switching voltage U is applied, 
the timer unit ZE starts to operate and, after an 
5 adjustable time which must be greater than the 
switching-on time of the relay that is being used, 
opens the switch SCH via a link 5. Since the switch SCH 
Since the switch SCH is open, the constant current IK2 
from the constant current source KS2 can no longer 

10 flow; only the constant current IKl from the constant 
current source KSl now still flows through the field 
coil SP of the relay, as a holding current . This means 
that, once the switching-on process has been completed, 
only the holding current is still applied to the field 

15 coil SP and, in this case, this holding current is half 
the relay switching-on current . 

Thus, during the switching-on process, the constant 
current IKl from the constant current source KSl and 

20 the constant current IK2 from the constant current 
source KS2 flow through the relay with the field coil 
SP. After completion of the switching-on process, only 
the constant current IKl from the constant current 
source KSl still flows through the relay. The magnitude 

25 of the currents IKl and IK2 is governed by the constant 
current sources KSl and KS2; any discrepancies, for 
example between the coil parameters and their nominal 
values, have no influence on the magnitude of the 
currents . 

30 

Since the currents IKl and IK2 which are present are 
constant, the voltage drops across the field coil SP of 
the relay and across the zener diode ZD are also 
constant. If the circuit arrangement is operated with 
35 switching voltages U of different magnitude, then the 
difference between the switching voltage U and the 
voltage drops just mentioned is dropped across the 
constant current sources KSl and KS2 . It is thus 
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possible to operate the circuit arrangement from a 
switching voltage U which varies within wide limits but 
without any change to the magnitude of the relay 
switching-on current or the relay holding current. 

When the circuit is disconnected from the switching 
voltage U, the circuit changes back to its quiescent 
state, with no current flowing. The timer unit ZE is 
reset, and the switch SCH is closed. The relay changes 
back to its quiescent position. Immediately after 
completion of these processes, the circuit can be 
actuated by applying a switching voltage U once again. 

The state of the switching voltage U is shown at the 
top of the diagram in Figure 2, with the state of the 
output from the timer unit ZE being shown underneath 
this, followed by the state of the switch SCH and, 
underneath this, the profile of the coil current ISP, 
plotted against time. Three times tl, t2 and t3 are 
marked on a horizontal time axis. The switching voltage 
U is applied to the circuit arrangement at the time tl; 
the time (tl) , which is predetermined by the timer unit 
ZE, lapses at the time t2, and the circuit arrangement 
is disconnected from the switching voltage U once again 
at the time t3 . 

During the time interval between the times tl and t2, 
the switching voltage U is applied to the circuit 
arrangement, the timer unit is operating, and the time 
which is predetermined by the timer unit is counting 
down; the switch is switched on, and a coil current 
ISP, which is composed of the sum of the constant 
currents IKl and IK2 , flows through the relay. This 
coil current is the switching-on current ES . 

The switching voltage is likewise applied to the 
circuit arrangement in the time interval between the 
times t2 and t3. The timer unit switches off the switch 
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SCH at the time t2, and only the current IKl, which 
forms the holding current HS, still flows through the 
relay, as the coil current ISP. 

The circuit is in the quiescent state, with no current 
flowing, at times before tl and at times after t3 . 

The circuit can drive a relay reliably over a wide 
temperature range, since the constant current sources 
KSl and KS2 provide the constant currents IKl and IK2 
irrespective of the temperature level . Temperature- 
dependent changes in the resistance of the field coil 
SP likewise have no influence on the current levels. 
Since the constant holding current during the holding 
period of the relay is less than the constant 
switching-on current (for example half of it) , the 
circuit arrangement requires only a fraction (for 
example approximately half) of the energy which would 
be required for operation just with a current of the 
same magnitude as the switching-on current . The power 
losses are reduced, the thermal loads on the relay are 
reduced, and the life of the relay coil is increased. 



Patent claims 

1. A circuit arrangement (1) for operation of a relay, 
having a single voltage at which a relay switching-on 
current (ES) is provided for a time (Atl) which is 
predetermined by the timer unit (ZE) , and at which a relay 
holding current (HS) , which is less than the relay 
switching-on current (ES) , is provided for a subsequent 
holding period (At2) , 

characterized in that 

- the single voltage is a switching voltage and that 

- the relay switching-on current (ES) and the relay 
holding current (HS) are constant currents, which are 
supplied from at least one constant current source (KSl, 
KS2) which is fed by the switching voltage. 

2. The circuit arrangement as claimed in claim 1, 
characterized in that 

a constant current source, whose constant current 
magnitude is variable, supplies both the relay switching- 
on current (ES) and the relay holding current (HS) . 

3. The circuit arrangement as claimed in claim 1, 
characterized in that 

a first constant current source (KSl) provides the relay 
holding current (HS) during the time (Atl) which is 
predetermined by the timer unit (ZE) and during the 
subsequent holding period (At2) , and in that a second 
constant current source (KS2) provides a constant current 
(IK2) , which is superimposed on the relay holding current 
(HS) in order to form the relay switching-on current (ES) , 
during the time (Atl) which is predetermined by the timer 
unit (ZE) . 



AMENDED SHEET 



4. The circuit arrangement as claimed in claim 3, 

characterized by a switch (SCH) , which is located in the 
current path of the constant current (IK2) provided by the 
second constant current source (KS2) , and is closed during 
the time (tl) which is predetermined by the timer unit 
(ZE) . 



AMENDED SHEET 
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5 . The circuit arrangement as claimed in one of claims 
1 to 4, 

characterized in that 

an aioxiliary voltage (UH) , for operation of the timer unit 
(ZE) , is dropped across at least one electrical component 
which is connected in series with one of the constant 
current sources (KSl, KS2) . 

6. The circuit arrangement as claimed in claim 4, 
characterized in that 

an auxiliary voltage (UH) for operation of the switch 
(SCH) is dropped across at least one electrical component 
which is connected in series with one of the constant 
current sources (KSl, KS2) . 

7. The circuit arrangement as claimed in claim 5 or 6, 
characterized in that 

the electrical component is a resistor. 

8. The circuit arrangement as claimed in claim 5 or 6, 
characterized in that 

the electrical component is a zener diode (ZD) . 

9. The circuit arrangement as claimed in claim 5 or 6, 
characterized in that 

the electrical components are series-connected diodes. 

10. The circuit arrangement as claimed in one of claims 
3 to 9, 

characterized in that 

the two constant current sources (KSl, KS2) provide 
constant currents (IKl, IK2) of equal magnitude. 



Abstract 

Circuit arrangement for operation of a relay 

The invention relates to a circuit arrangement (1) for 
operation of a relay which provides a switching-on 
current (ES) for the field coil (SP) of the relay and 
subsequently, after a predetermined time (tl) , a 
holding current (HS) . In order that any possible 
discrepancies in the parameters of the relay from their 
nominal values have no negative influence and need not 
be taken into account when designing the circuit, and 
in order that the circuit arrangement can be used with 
operating voltages (U) of different magnitude, at least 
one constant current source (KSl, KS2) supplies the 
relay switching-on current (ES) and the relay holding 
current (HS) . 
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besten Wissen und Gewissen der vollen Wahrheit 
entsprechen, und dass ich diese eidesstattliche Erkla- 
rung in Kenntnis dessen abgebe, dass wissentlich und 
vorsatzlich falsche Angaben gemSss Paragraph 1001, 
Absatz 18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mit Geidstrafe faelegt und/oder 
Gefangnis bestraft werden koennen, und dass derartig 
wissentlich und vorsatzlich falsche Angaben die GQI- 
tigkeit der vorliegenden Patentanmeldung oder eines 
darauf erteilten Patentes gefahrden konnen. 



pending 
(Status) 

(patented, pending, 
abandoned) 



I hereby declare that all statements made herein of my 
own knowledge are true and that all statements made 
on information and belief are believed to be true, and 
further that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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German Language Declaration 



VERTRETUNGSVOLLMACHT: Als benannter Erfinder 
beauftrage ich hiermit den nachstehend benannten 
Patentanwalt (oder die nachstehend benannten 
Patentanwalte) und/oder Patent-Agenten mit der 
Verfolgung der vorliegenden Patentanmeldung sowie 
mit der Abwicl<lung aller dannit verbundenen Geschafte 
vor dem Patent- und Warenzeichenamt: (Name und 
Registrationsnummer anfOhren) 



POWER OF ATTORNEY: As a named inventor, I 
hereby appoint the following attomey(s) and/or 
agent(s) to prosecute this application and transact all 
business in the Patent and Trademarl< Office 
connected therewith, (list name and registration 
number) 



Customer No. 25227 



And I hereby appoint 



Telefongesprache bitte richten an: Direct Telephone Calls to: (name and telephone 

(Name und Telefonnummer) number) 



Postanschrift: Send Correspondence to: 

Morrison and Foerster LLP 
2000 Pennsylvania Ave., NW 20006-1888 Washington, DC 
Telephone: (001) 202 887 1500 and Facsimile (001) 202 887 0763 
or 

Customer No. 25227 



Voller Nany^dss einzigen oder ursprOngiichen Erfinders: 

IVIartiri-Rossbaipj^ 


Full name of sole or first inventor: 

Martyi^ossbag]^ 


Unterschte^s Erfin^fi^ Datum 

(/C^^h //^ 06. 02 .02, 


4fiveRlo/Vsignature'^' / Date 

f/M^ /()€ OLouoi 


Wohnsitz ' 

Nuernberg, Deutschland 


Residence / 2^^/^ 

Nuernberg, Germany 


Staatsangehorigkeit 

Deutsch 


German 


Postanschrift 

Wertheimer Str.3 


Post Office Addess 

Wertheimer Str.3 


90427 Nuernberg 
Deutschland 


90427 Nuernberg 
Germany 


Voller Name des zweiten Miterfinders (falls zutreffend): 


Full name of second joint inventor, if any: 


Unterschrifl des Erfinders Datum 


Second Inventor's signature Date 


Wohnsitz 


Residence 


Staatsangeh6rigl<eit 


Citizenship 


Postanschrift 


Post Office Address 







{Bitte entsprechende Informationen und Unterschriften Im (Supply similar information and signature for third and 
Falle von dritten und weiteren Miterfindern angeben). subsequent joint inventors). 
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